Background-Stationary sawing machinery is often a basic tool in the wood product manufacturing industry and was the source for over 2,500 injury/illness events that resulted in days away from work in 2010.
INTRODUCTION
According to the Bureau of Labor Statistics (BLS) estimates, nearly 3.0 million nonfatal occupational injuries/illnesses were reported among private industries in 2011 [U.S. Bureau of Labor Statistics, 2012] . The total incidence rate for injuries/illnesses in all U.S. private industries was unchanged in 2011 compared to the previous year (3.5 per 100 equivalent full-time workers). This is the first time the total incidence rate did not decrease in a decade. Among the major private industry sectors, manufacturing had the second highest total recordable incidence rate in 2011(4.4 per 100). Within the manufacturing sector, employees in wood product manufacturing had the second highest incidence of total recordable cases in 2011 (6.5 per 100).
Previous research in wood product manufacturing identified several potential risk factors for occupational injuries: lack of equipment safety devices (e.g., machine guarding, poorly designed tool handles, and machine guard openings); equipment reach requirements; weight and location of manually handled loads; shift work; overtime; rapid work pace; repetitive work; and machine-pacing [Holcroft and Punnett, 2009] . Other factors that are associated with occupational injuries in wood product manufacturing involve workers' demographics and lifestyle behaviors, work experience, ergonomic hazards (e.g., worksite design), poor working conditions, employer size, and industry type [Cheng, 1997; Champoux and Brun, 2003 ].
Lost work time indicates the severity of injuries/illnesses. In 2011, the total incidence rate resulting in days away from work of all injuries involving contact with objects (including saws) was 98.3 injuries per 10,000 full-time employees among all U.S. private industries in wood product manufacturing (North American Industry Classification System [NAICS] code 321 [U.S. Census Bureau, 2011] ). Other commonly reported occupational injuries include musculoskeletal disorders (MSDs); slips, trips, and falls (STFs); lacerations; and amputations [Harner, 1988; McCall and Horwitz, 2006; Anderson et al., 2010; Frank et al., 2010] . In comparison to the contact with objects rate of 98.3 per 10,000 full-time employees, STF incidence rates resulting in days away from work averaged 14.5 (fall on same level), 7.8 (fall to lower level), and 2.2 (slips or trips without fall) injuries per 10,000 full-time employees in wood product manufacturing. The incidence rate of total MSDs was also less than contact with objects with 47.7 injuries per 10,000 full-time employees in wood product manufacturing [U.S. Bureau of Labor Statistics, 2013] .
Some of the risk in wood product manufacturing comes from the machinery that is necessary for processing and production. The sub-group of metal, woodworking, and special material machinery (Occupational Injury and Illness Classification System [OIICS] source code 35) was the leading machinery source of contact with object events with 8,280 events involving days away from work in 2010 [U.S. Bureau of Labor Statistics, 2011] . More specifically, sawing machinery-stationary (OIICS source code 357) was the leading source of days (one or more) away from work with 2,560 events in 2010 [U.S. Bureau of Labor Statistics, 2011] . Past research among furniture manufacturers suggests occupational injuries are commonly caused by the following machines: saws, such as circular, band, multiple edging, dimensional circular, and cross-cutting saws; boring and milling machines; grinders; machine lines and combination machines; planes; gluing; and composition machines [Aaltonen, 1996] . Specifically, studies which analyzed injuries related to power saws estimated 64,100 power saw-related injuries (occupational and general population) for 2001 [Marcy et al., 2003] . German researchers have identified circular saws and panel saws as among the most hazardous machines [Reinert et al., 2009] .
Injuries/illnesses in wood product manufacturing can be characterized by examining workers' compensation claims. The Ohio Bureau of Workers' Compensation (OBWC) is the largest of four, exclusive, state-run workers' compensation (WC) systems in the U.S. All employers with 1 to 499 employees must be insured by OBWC; however, employers with greater than 500 employees have the option to be self-insured. Sole proprietors and partners are not required to have workers' compensation coverage in Ohio, but may choose voluntarily to be insured by OBWC. OBWC maintains a database that includes workplace injury/illness workers' compensation claims for Ohio employers. The purpose of this report is to describe the magnitude and distribution of occupational injuries/illnesses among singlelocation, OBWC-insured wood product manufacturers in Ohio, and to assess saw-related injuries. Our investigation examines several descriptive elements for characterizing wood product manufacturing workers' compensation claims in Ohio including: frequency and distribution of claims; cause of claims; total claims incidence rates among four-digit NAICS sub-groups and employer size; and claim severity examined by medical only and lost-time cases.
METHODS
To prevent occupational injuries/illnesses to workers employed by wood product manufacturers in Ohio, the National Institute for Occupational Safety and Health (NIOSH) and OBWC collaborated to investigate occupational injuries/illnesses reported to OBWC among single-location wood product manufacturers with less than 500 employees. To accomplish this, sub-sectors with NAICS codes beginning with "321" were selected from the OBWC database with inclusion of sub-sectors with NAICS codes, 321113-321999 (details in Appendix A). This dataset included workers' compensation claims for [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] from all single-location, OBWC-insured wood product manufacturing employers. To ensure that all claims were associated with wood product manufacturing only, claims from multilocation employers were not included because OBWC claims cannot be linked to a particular business site if the employer operates more than one location and NAICS codes can vary by location. Of all claims submitted to the OBWC, 20% are from multi-location employers. Disallowed and dismissed claims were excluded from all analyses.
Incidence rates were generated from OBWC data using employee counts for denominator data that originate from quarterly census of employment and wages reports submitted to the state of Ohio. Information on employee counts is reported for each OBWC policy and for each NAICS group. Additionally, the OBWC database includes: narrative event descriptions; an optimal return to work (RTW) International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM), diagnosis code for the claim; claim severity information defined as medical only or lost-time (eight days or more); and occupation. Reported workers' compensation data were provided in a spreadsheet format (Microsoft Excel 2010, Microsoft Corp., Redmond, WA) . All injury/illness claims were defined by a RTWICD-9-CM code. The optimal RTWICD-9-CM code is the one that most likely will keep the injured worker off of work for the longest period of disability and is assigned by the OBWC. The algorithm employed by OBWC follows four steps: (i) if there is only one ICD, that one is listed as the optimal RTWICD; (ii) if there are multiple ICDs and only one of them has a well-managed benchmark (expected duration based on OBWC experience), the one with the benchmark is listed as the optimal RTWICD; (iii) if there are multiple ICDs that have well-managed benchmarks, the one with the highest value (i.e., longest expected duration of disability) is listed as the optimal RTW ICD; and (iv) If there are multiple ICDs that have well-managed benchmarks and there is a tie at the highest value, the ICD code itself is the tiebreaker (i.e., highest numerical value of the ICD).
Claims Definitions
Three primary coding categories were established based on the narrative event descriptions in the workers' compensation claims and RTW ICD-9-CM code: musculoskeletal disorders (MSDs); slips, trips, and falls (STFs); and other (OTH). With few exceptions, MSDs were defined according to the BLS case definition (used prior to 2011). 1 Coded injury/illness diagnosis data and narrative text on causation were used to identify MSD claims. A Bayesian auto-coding technique used both data elements to identify MSDs by using a "training" and "testing" set of manually coded claims [Bertke et al., 2012] . Bertke et al. demonstrated a sensitivity of 90.3% and specificity of 97.6% for identifying MSD claims using this auto-coding technique.
The criterion to define a claim as a STF varies slightly from the BLS definition. 2 Coded RTWICD-9-CM claim data and narrative event descriptions were used to identify STF claims using the previously described Bayesian auto-coding technique. Bertke et al. demonstrated a sensitivity of 90.5% and a specificity of 93.0% for identifying STF claims using the auto-coding technique. The auto-coding technique identified 1,683 MSD claims, 1,356 STF claims, and 5,508 OTH claims. The three categories were mutually exclusive.
To find OTH claims specifically related to stationary saw injuries, a keyword search was performed and additional coding was implemented. Any claim within the OBWC database that included the word "saw" in the injury/illness narrative description field was defined as a saw-related case. A total of 810 saw-related cases were identified as a subset classification among cases described as OTH. An additional search within the injury narrative description field of the OBWC database facilitated development of causes of saw-related claims into six categories:
• unexpected or inadvertent saw action,
• kickback or unexpected movement of wood or piece being cut,
• pulled into blade by gloves or clothing,
• body part caught in, or struck by, machine/blade,
• sawdust or small debris entering eye,
• not a stationary saw (i.e., chain saw, portable circular saw, etc.).
Total claim incidence rates and lost-time claim incidence rates were calculated among each wood product manufacturing sub-sector, categorized by employer size and the industries' four-digit NAICS code: sawmills and wood preservation (3211); veneer, plywood, and engineered wood product manufacturing (3212); and other wood product manufacturing (3219) (see Appendix A for detailed descriptions). Claim incidence rates were obtained from all claims (lost-time and medical only) per 100 reported number of employees (full-time and part-time). To avoid identifying individual employers, rates based on five or fewer employers were not included in the analysis. Due to the low number of single-location, wood product manufacturing employers with 250 or more employees, rates for these employers were not reported.
Analysis of Trends
For each NAICS four-digit category within the wood product manufacturing industry, the incidence rate for all claims and lost-time claims was calculated annually. An annual average of all employers within each NAICS four-digit category was calculated for each year from 2001 to 2009. The annual lost-time incidence rate included all claims resulting in eight or more days away from work in any given year from each NAICS four-digit category. A very small proportion (3%) of employers with limited claims activity, but no reported employees were excluded from these analyses.
Saw-related claims were further analyzed by using the injury category description which is based on the Optimal Return to Work (RTW) ICD-9-CM description code. 3 Frequency distributions of all claims as well as frequency distributions of saw-related claims were performed.
RESULTS

Distribution of Establishments Among Industry Sub-Sectors
By far, the largest number of establishments were in the "other wood product manufacturing" [NAICS 3219] sub-sector. For the time period 2001-2009, the distribution of establishments by size remained relatively constant. The "veneer, plywood, and engineered wood product manufacturing" sub-sector experienced the most change (on a percentage basis) in distribution of establishments by number of employees. For both "sawmills and wood preservation" and "other wood product manufacturing" sub-sectors, the leading employer size was 1-10 employees. In general, the "veneer, plywood, and engineered wood product manufacturing" sub-sector had more employees per establishment with the highest category being 11-49 employees for many years except for 2008 and 2009.
Injury Distribution Among Industry Sub-Sectors
Total incidence rates were calculated by OBWC among each type of wood product manufacturing sub-sector (indicated by NAICS four-digit code) annually from 2001 to 2009 stratified by employer size (1-10 employees, 11-49 employees, and 50-249 employees). Incidence rates were determined per 100 employees per OBWC methodology. 4 Figure 1 shows the trend in average incidence rate from 2001 to 2009 by sub-sector within wood product manufacturing. All sub-sectors demonstrated substantial reductions in annual incidence rates for all claims from 2001 to 2009. Comparing 2001 and 2009 data, several declines were found: the sawmills and wood preservation sub-sector injury rate decreased from 13.6 to 3.9 (71% reduction); the veneer, plywood, and engineered wood product manufacturing sub-sector decreased from 11.3 to 4.1 (64% reduction); and the other wood product manufacturing sub-sector decreased from 12.9 to 4.8 (63% reduction). Figure 2 displays the trend in annual lost-time incidence rates. Again, all sub-sectors showed substantial decreases in rates: the sawmills and wood preservation sub-sector decreased from 3.2 to 0.4 (87% reduction); the veneer, plywood, and engineered wood product manufacturing sub-sector decreased from 1.6 to 1.1 (34% reduction); and the other wood product manufacturing sub-sector decreased from 2.1 to 0.7 (65% reduction). Table A1 of Appendix A.
A frequency distribution of the causes of injury for the 810 identified saw-related cases, is presented in Figure 9 . Cases categorized as "not classified" included situations where the injury was not saw-related, the incident text was truncated, the incident text was not sufficient to make appropriate inferences, or the injury event did not match with any of the derived causes of injury. Cases in the category "did not involve stationary saws" included equipment such as chain saws or portable circular saws.
Injury Description
Table I displays the frequency distribution of all saw-related claims based on injury category description and cause. Cases that were coded as "not classified" in Figure 9 were removed from Table I data since many did not involve saws. The rows of Table I show the injury category description listed in descending order from top to bottom of the table. "Open wounds" was the most common injury category description for saw-related claims. Columns of the table show cause of injury and are listed in ascending order from left to right. "Body part caught in or struck by machine or blade" was the leading cause of injury overall.
Severity of Injury
This study used medical only or lost-time claims as a surrogate measure to describe injury severity. Lost-time claims were considered more severe due to job restrictions or days away from work. Table II displays the frequency distributions for medical only (i.e., those involving less than eight days away from work) and lost-time claims (i.e., those involving eight or more days away from work) within the three industry sub-sectors. Medical only claims accounted for over 80% of claims across all industry sub-sectors. Employers classified as "other wood product manufacturing" (NAICS 3219) constituted the highest percentage of saw-related claims and saw-related claims resulting in lost-time.
Saw-related lost-time claims were further analyzed by injury category description frequency distribution, cause, and incidence rate trend. Table III displays the frequency distribution of saw-related lost-time claims by injury category description. Some researchers have suggested that recent safety initiatives and innovations in safety controls may have contributed to the decline in overall injury incidence [Davis and Crotts, 2010 ], but other factors may be contributing as well. Several studies have demonstrated that workers' compensation claim rates decrease when unemployment rates increase. A recent study [Moore and Tompa, 2011 ] discussed several possible reasons, including that under reporting may increase during times of high employment because employees are afraid of losing their jobs. Another reason is that more experienced employees (that tend to have fewer injuries) are retained when unemployment is high. Additionally, the data could be influenced if work is shifting away from full-time workers and towards temporary workers as workers' compensation claims of temporary workers would not appear in wood product manufacturing, but rather under the temporary agency where the worker is employed. As well, when unemployment is low, the pace of production increases and this again may drive workers' compensation rates higher [Moore and Tompa, 2011] .
DISCUSSION/CONCLUSIONS
In general, OBWC data indicate an increasing incidence rate with increasing employer size as measured by number of employees (Figs. 3-8) . National data indicate a similar trend. For 2011, the incidence rate for total recordable cases was 4.2/100 full-time employee for employers with 50-249 employees [U.S. Bureau of Labor Statistics, 2012] . The rate was 3.2 for employers with 11-49 employees, and the rate was 1.8 for employers with 1-10 employees.
Among saw-related OBWC claims, the leading cause for injury/illness as described in Figure 9 is "body part caught in or struck by machine or blade." For risk reduction efforts regarding stationary saw work, safety professionals know to concentrate on injuries involving the saw blade. However, data from this study also point to the need to consider the product being cut by the saw. "Kickback or unexpected movement of the wood or piece being cut" was the cause for nearly one in five saw-related claims. Future safety engineering efforts could focus on techniques to secure the piece being cut while keeping the hands away from the blade. Checklists or risk assessment forms for stationary sawing machinery should include discussion of push sticks and feather boards to guide and secure work pieces. Additionally, workers must be protected from sawdust or other small debris in the eye as indicated by the high frequency of these events in Table I. The OBWC database provides a resource for occupational surveillance to analyze injuries/ illnesses and associated causes. One limitation to the existing OBWC workers' compensation database is the lack of ICD-9-CM external cause codes (E-codes) through 2010. The claims recorded in the OBWC database included the injury description (ICD-9-CM description code) and beginning in 2007 the database included an OBWC-developed causation field for lost-time claims. However, detailed ICD-9-CM E-codes were not implemented until 2011 for all claims and were not part of the data analyzed. This paper was not intended to be an exhaustive analysis by diagnoses types, but rather focused on causations and the optimal return to work code diagnoses for a given claim. Approximately 33% of claims in this analysis had multiple diagnoses, and counts for a particular diagnosis would be higher if multiple diagnoses are considered. For example, there were a total of 140 amputations in this sample if secondary diagnoses are included. While it is valuable to know the description of injuries/illnesses that occur within a workplace, it is also important to recognize the cause of these injuries/illnesses to develop injury prevention equipment, policies, and programs.
Data from this report are beneficial in performing risk assessments for wood product manufacturing employers using stationary sawing machinery. Safety initiatives such as machine guarding and ergonomic changes can originate from injury claims analyses that identify the types and common causes of injury. Additional examination of injury rates with regard to machine type, task, and operations would also be beneficial. Combining the details of cause of injury and the specific type of equipment or machine involved would support focused activity on improved guarding and other risk reduction methods.
IMPACT ON INDUSTRY
Identifying risks associated with sustaining an injury not only provides evidence to employers that safety initiatives must be maintained and improved, but it also indicates appropriate types of safety interventions. In addition to emphasizing workplace safety, this report demonstrates the value of reporting systems (such as a claims database) to identify hazards to guide risk assessments. Using empirical data provides appropriate justification for a safety intervention and prioritizes risk mitigation efforts. With specific attention to wood product manufacturing, this analysis can be used as a preliminary source for evidence-based risk reduction efforts. Workers' Compensation Claims were described as "OTH" based upon these descriptions within the ACCIDENT_TEXT of the injury claim in the OBWC database.
APPENDIX A NAICS Descriptions
OIICS=The BLS Occupational Injury and Illness Classification System. 
Wood Product Manufacturing 3211 Sawmills and Wood Preservation
APPENDIX B
There are many differences between OBWC and BLS rates that should be noted:
1. Cases in the BLS survey results are recordable cases from OSHA logs and describe injuries/illnesses for employers nationally of all sizes with one or more locations. OBWC cases are workers' compensation claims and describe injuries/illnesses for small, single-location employers OBWC-insured employers.
BLS is based on the Survey of Occupational Injuries and Illnesses (SOII)
, and is a sample of injuries/illness from employers nationally. OBWC is not a sample, but rather claims from all OBWC-insured employers with 3 to 499 employees in the state of Ohio.
3. The BLS case definition for lost-time is that the injured employees missed at least one day of work. In contrast, OBWC defines lost-time cases to be those where employees missed eight or more days of work.
4.
The numerator used in BLS rates is the number of injuries/illnesses that occurred to people working for that employer, including those affecting temporary employees. For OBWC, injuries/illnesses for temporary employees are listed under the temporary agency employer, not the employer where that person was working at the time of injury/illness.
5.
The denominator used in the BLS rates is the number of reported person-hours (part and full-time employees) by the employer as part of the SOII for that year. These person-hours are used to estimate the number of full time equivalents by dividing total hours by 2,000. The denominator used in calculation of OBWC rates for this study is the total number of employees (both part and full time) reported by the employer as part of the QCEW. This is not the same as the number of full time equivalents. A basic problem with the QCEW based rates is that they are not comparable across sectors and industries that have different ratios of part to full time employees. Since this entire analysis is within 3-4 digit NAICS codes, the comparison is really within industries and the QCEW rates are more suitable for this purpose. 
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